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(57) ABSTRACT

A monitoring and alarm system 1s disclosed for a rolling mall
in which o1l 1s pumped from a reservoir via feed piping and
branch feed lines to o1l film bearings and o1l 1s returned from
the bearings via branch drain lines and return piping to the
reservoir. The system comprises sensors positioned 1n at least
one of the branch feed lines, the branch return lines and the
bearings. The sensors are operative to sense diverse param-
cters indicative of bearing operating conditions and to gener-
ate status signals representative thereof. A controller evalu-
ates the status signals and triggers warning signals when the
status signals indicate that the bearings are 1n danger of being
damaged by continued operation. Alarms respond to the
warning signals and alert mill operating personnel to such
danger.

7 Claims, 2 Drawing Sheets
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1

MONITORING AND ALARM SYSTEM FOR
ROLLING MILL OIL FILM BEARINGS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates generally to rolling mill o1l film
bearings, and 1s concerned in particular with a system for
monitoring and interpreting various parameters representa-
tive of bearing operating conditions, and for generating
appropriate alarms when such parameters are out of defined
sale ranges.

2. Description of the Prior Art

In a typical rolling mill installation, the necks of the rolls
are rotatably supported in bearings, and 1n many cases those
bearings are oil film bearings. O1l film bearings include
sleeves received on and fixed relative to the roll necks. The
sleeves are journalled for rotation 1n bushings fixed within
chocks, the latter being supported in roll housings. A tlow of
o1l 1s introduced between the sleeves and bushings, allowing
the sleeves to rotate on films of o1l hydrodynamically main-
tained at the bearing load zones.

The mill lubrication system includes a reservoir of oil
remote from the roll stands. O1l 1s pumped from the reservoir
through filters and a heat exchanger before being delivered to
the bearings, and 1s returned from the bearings through a
drainage network back to the reservorr.

Those skilled 1n the art have long recognized that certain
parameters of the lubrication system are indicative of bearing,
operating conditions. These parameters include the pressures
and temperatures of o1l entering the bearings, bushing tem-
peratures, and the temperatures and flow rates of o1l exiting,
the bearings. However, a comprehensive system has yet to be
provided for monitoring and interpreting signals representa-
tive of such parameters, and for generating appropriate warn-
ings when those parameters drift outside of safe operational
ranges.

SUMMARY OF THE INVENTION

The objective of the present invention 1s to provide a sys-
tem for monitoring a plurality of diverse parameters indica-
tive ol bearing operating conditions. The system interprets the
thus monitored parameters and triggers warnings to operating,
personnel when a bearing 1s 1n danger of being damaged by
continued use.

This and other objectives and advantages are realized with
an embodiment of the invention to be described hereinafter in
more detail with reference to the accompanying drawings
wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration showing the oil film
bearings of one mill stand 1n association with the maill lubri-
cation system:;

FIG. 2 1s an enlarged view ol the bearings on one side of the
mill stand;

FI1G. 3 1llustrates the location of temperature transducers in
the bushing of a bearing;

FI1G. 4 1s an enlarged view of the drain transducers;
FIG. § 1s an enlarged view of the inlet transducers; and

FIG. 6 1s a block diagram illustrating an embodiment of a
control unit in accordance with the present invention.
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2

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

With reference mitially to FIGS. 1 and 2, o1l film bearings
10 are shown supporting the necks of rolls 12 on the thrust and
non-thrust sides of a typical mill stand. Those skilled 1n the art
will understand that the rolls 12 have been split and angled to
accommodate a three dimensional illustration in a single
VIEW.

The o1l film bearings 10 may be of the types known to those
skilled 1n the art, as illustrated for example in any one of U.S.
Pat. Nos. 6,468,194, 4,575,638, 6,149,309 and 6,123,461, the
descriptions of which are herein incorporated by reference.

The mill lubrication system 1ncludes a remote reservoir 14
containing a supply of lubricating o1l. The o1l 1s drawn from
the reservoir by pumps 16 and delivered through filters 18 and
a heat exchanger 20 to the bearings 10 via feed piping 22 that
includes branch feed lines 22a connected to the bearings by
flexible hoses. Oil 1s returned to the reservoir 14 via return
piping 24 that includes branch drain lines 24q also connected
to the bearings by tlexible hoses.

The system of the present invention includes sensors stra-
tegically placed to monitor diverse parameters indicative of
bearing operating conditions. For example, and as shown in
FIGS. 2-5, these include:

(1) first sensors in the form of tflow transducers 32 in the
branch drain lines 24a for measuring the flow of oil
draining from the bearings and for generating first status
signals 32' representative of that tlow;

(2) second sensors 1n the form of restricted orifices 34 in the
branch feed lines 224 in conjunction with pressure trans-
ducers 36 to measure the theoretical flow rate of oil
being delivered to the bearings and for generating sec-
ond status signals 36' representative of that flow rate;

(3) third sensors 1n the form of temperature transducers 38
in the branch feed lines 22a for measuring the tempera-
ture of the o1l being delivered to the bearings and for
generating third status signals 38' representative of that
temperature;

(4) fourth sensors 1n the form of temperature transducers
30 1n the branch drain lines 24a for measuring the tem-
perature of the o1l draining from the bearings and for
generating fourth status signals 30' representative of that
temperature; and

(5) fifth sensors 1n the form of temperature transducers 26
and 27 1n the bushings 28 of the bearings. Sensors 26 are
for measuring the temperature of the bearings at the
bearing load zones and for generating fifth status signals
26' representative of that temperature. Sensor 27 1s for
measuring the bushing flange temperature and for gen-
crating sixth status signal 27" representative of the flange
temperature. The system 1s designed to optionally use
either type of bushing temperature sensor, or can be
optionally operated with no temperature sensing in the
bushing.

As shown 1 FIG. 6, the system of the present invention
features a controller 40. The controller samples signals pro-
vided by the above-described sensors and utilizes evaluators
and a calculator to determine specific information about the
operating characteristics of the bearings.

More particularly, the controller includes:

(1) a first “No-Flow Evaluator” 42 responsive to the first
status signals 32' and serving to trigger a first alarm signal
42" 1n the event that the o1l flow 1n the branch drain lines 244
15 less than that required to properly lubricate the bearings;

(2) a second “Hose-O1f Condition Evaluator” 44 responsive
the first and second status signals 32', 36' and serving to
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trigger a second alarm signal 44' in the event that the

flexible hoses of the branch feed lines 22a or the branch

drain lines 24a become disconnected from the bearings;

(3) an “O1l Inlet Flow Calculator” 46 responsive to the second
and third status signals 36, 38' and serving to trigger a third
alarm signal 46' in the event that the rate of o1l flow 1n the
branch feed lines 22a 1s less than that required to properly
lubricate the bearings

(4) a third “O1l Inlet Temperature Evaluator™ 48 responsive to
the third status signals 38' and serving to trigger a fourth
alarm signal 48' in the event that the o1l being delivered via
the branch feed lines 22a 1s outside of an appropriate range
required to properly lubricate the bearings; and

(5) a fourth “Bearing Temperature Evaluator” 49 responsive
to the fourth, fifth, and sixth status signals 30", 26', 27' and
serves to trigger a {ifth alarm signal 49' in the event that the
temperature of the bearings exceeds a safe operating range.

The evaluators 42, 44, 48, and 49 may be comparators,
calculators, logic circuits or the like known to those skilled 1n
the art. Alarm signals from the evaluators and calculator are
received by an alarm control 50. The alarm control 1n turn can
activate any of a number of a plurality of alarms 52-62.

Any event that exceeds the limit for safe operation triggers
a Master Alarm 52, which warns operating personnel that the
mill should be shut down as soon as possible to avoid damage
to the bearings.

Any event that exceeds the recommended operating limaits
triggers a Warning Alarm 54, indicating that an operational
condition of a bearing should be investigated, but that the
condition 1s not serious enough to warrant mill shut down.

If the No-Flow Ewvaluator 42 shows an “OFF” condition,
then the Master Alarm 52 1s triggered. A No-Flow Alarm 56 1s
also triggered.

If the O1l Inlet Temperature Evaluator 48 determines that
the o1l inlet temperature 1s outside of a recommended range,
then an O1l Temperature Alarm 58 is triggered, as is the
Warning Alarm 54.

If the No-Flow Evaluator 42 indicates lack of drain flow,
and inlet o1l flow 1s calculated to be significant, then the
Hose-O1f Alarm 60 1s triggered, as 1s the Master Alarm 52.

If the temperature of o1l exiting the bearing or the load zone
or bushing flange temperatures are above safe levels, then the
Bearing Temperature Alarm 62 and the Master Alarm 52 are
triggered.

A monitor 66 can optionally inform the operator of the mill
of the exact cause of any alarm condition.

As indicated at 68, the system optionally has the capability
ol responding to various evaluator and/or calculator outputs
by generating other signals, including for example informa-
tional data such as bushing temperatures, oil temperatures,
etc.

We claim:

1. In a rolling mill 1n which o1l 1s pumped from a reservoir
via feed piping and branch feed lines to o1l film bearings and
o1l 1s returned from the bearings via branch drain lines and
return piping to the reservoir, a monitoring and alarm system
comprising:

first sensors 1n said branch drain lines for measuring the

flow of o1l draining from said bearings and for generat-
ing {irst status signals representative thereof;

second sensors 1n said branch feed lines for measuring the

theoretical tlow rate of o1l being delivered to said bear-
ings and for generating second status signals represen-
tative thereof;
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third sensors 1n said branch feed lines for sensing the tem-
perature of o1l being delivered to said bearings and for
generating third status signals representative thereof;

alarms for alerting mill operating personnel that individual
bearings are in danger of being damaged by continued
operation; and

a controller having a first evaluator responsive to said first

status signals for activating said alarms 1n the event that
the tlow of 01l in said branch drain lines 1s less than that
required to properly lubricate said bearings, and having
a calculator responsive to said second and third status
signals for calculating the rate of flow of o1l to said
bearings and for activating said alarms 1n the event that
said rate of flow 1s less than that required to properly
lubricate said bearings.

2. The system of claim 1 wherein said branch feed lines and
said branch drain lines mclude flexible hoses connected to
said bearings, and said controller further comprises a second
evaluator responsive to said first and second status signals for
determining 11 said flexible hoses have become disconnected
from said bearings and for activating said alarms 1n the event
of such disconnection.

3. The system of claim 2 wherein said controller further
comprises a third evaluator responsive to said third status
signals for activating said alarms 1n the event that the tem-
perature of the o1l being delivered to said bearings 1s outside
an appropriate range required to properly lubricate said bear-
ngs.

4. The system of claim 1 further comprising fourth sensors
in said branch drain for measuring the temperature of the o1l
draining from said bearings and for generating fourth status
signals representative thereol, said controller having a fourth
evaluator responsive to said fourth status signal for activating
said alarms 1n the event that the temperature of said bearings
exceeds a sale operating range.

5. The system of claim 4 further comprising fifth sensors
for measuring the temperature of said bearings at their respec-
tive load zones and for generating fifth status signals repre-
sentative thereol, said controller having a fourth evaluator
responsive to said fifth status signals for activating said
alarms 1n the event that the temperature of said bearings
exceeds safe operating range.

6. The system of claim S further comprising sixth sensors
for measuring the temperatures of said bearings at their
respective flanges and for generating sixth status signals rep-
resentative thereof, said controller having a fourth evaluator
responsive to said sixth status signals for activating said
alarms 1n the event that the temperature of said bearings
exceeds a sale operating range.

7. The system of claim 1 comprising fourth sensors 1n said
branch drain for measuring the temperature of the o1l draiming,
from said bearings and for generating fourth status signals
representative thereot, fifth sensors for measuring the tem-
perature of said bearings at their respective load zones and for
generating fifth status signals representative thereof, sixth
sensors for measuring the temperature of said bearings at
their respective flanges and for generating sixth status signals
representative thereot, said controller having a fourth evalu-
ator optionally responsive to one or more of said fourth, fifth,
and sixth status signals for activating said alarms 1n the event
that the temperature of said bearings exceeds a sale operating,
range.
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